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1   Introduction
eNB Signalling solutions are agreed in RAN1 as working assumptions for the acquisition of MIB and SIB-1 in the presence of dominant interferers with 9 dB handover bias [1][2].
On MIB: “
· As a current working assumption, RAN 1 will assume: 

· eNB signalling solution to aid detection of PBCH in the presence of dominant interferers with 9dB bias 

· Related MIB information from the victim cell may also be supplied by aggressor cell during handover from aggressor to victim cells
· SFN offset between victim and aggressor cell

· RAN 1 also made an observation that:

· Possible alternative to eNB signalling is the PBCH interference cancelation capable receiver based solution

· RAN 1 would like to ask:

· RAN2/3, whether there are significant cases/scenarios where System Frame Number (SFN) synchronization cannot be assumed.
· RAN4, whether it can be assumed that FeICIC capable UEs will always have PBCH interference cancellation capability”.
And on SIB-1: “
· As a current working assumption, RAN 1 will assume: 

· eNB signalling solution to aid acquisition of SIB-1 contents in the presence of dominant interferers with 9dB bias 

· The victim cell may send its SIB-1 contents to the victim UE using higher layer signaling in the protected resources

· Exact signaling solution to be decided by RAN2
· RAN 1 would like to ask RAN2 to take the RAN1 working assumption into account in their future work.”
This contribution discusses some open issues related to RAN2 to support those signalling solutions requested in RAN1 LS. It suggests the way forward for MIB reception, and content details on dedicated signalling for SIB-1 reception.
2   Discussion
2.1   Background

UE shall apply the system information acquisition procedure upon selecting (e.g. upon power on) and upon re-selecting a cell, after handover completion, upon return from out of coverage, upon receiving a notification that the system information has changed [3]. Data transmission can be reduced in Almost Blank Subframes (ABSs) in an aggressor cell to protect resources in subframes of a victim cell in CRE region. However, the use of ABS may not benefit the acquisition of MIB and SIB-1 of victim cell directly, as system information, paging, and PDCCH, are still transmitted in aggressor cell’s ABSs to ensure backwards compatibility towards UEs in the aggressor cell. During discussion for R10, subframe shift was proposed as a tool for FDD system to introduce ICIC of PBCH and SIB1 across layers. Since it can not be applied in TDD deployment which has strict synchronization requirement, it is deemed that solution should also address the case when subframe shift is not implemented between layers. When subframe shift is not applied between aggressor and victim cells, MIB and SIB1 of Macro and Pico cells will overlap in time, no matter how ABS is configured. Figure 1 illustrates possible timing relations between MIB, SIB-1, and ABS.
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Figure 1, Subframe Patterns of the Macro and Pico cells
MIB is always transmitted on PBCH in subframe #0 of every radio frame. Hence, transmissions from aggressor cell can interfere the MIB reception of a victim UE in CRE. Unlike MIB, messages carrying SIBs are transmitted on PDSCH, and identified by SI-RNTI on PDCCH. Thus, if PDCCH can not be detected reliably, UE would not correctly receive these system information as well. A pico UE operating in the CRE region (e.g., of 9 dB CRE bias) is susceptible to PDCCH reception error. While SIB2 and other SIBs can be transmitted flexibly in time and frequency, with their scheduling information carried in SIB1, SIB1is always transmitted in subframe #5 in every other radio frame. Hence, it is very likely that PDCCH of aggressor cell will collide with PDCCH of victim cell when their SIB1 are transmitted. Therefore, it is worth study how to address the issues related to the receptions of victim cell’s MIB and SIB1 in CRE with large bias. 
2.2   Use Cases
Figure 2 illustrates some typical scenarios with regards to UE moving into the CRE area.
· Case 1: A UE in idle mode first camps on the centre area of a pico cell by cell selection or cell reselection. After the UE is connected to the pico cell, it moves into the CRE region of big bias. 
· Case 2: A UE in active mode is connected to the centre area of a pico cell by handover form other neighbour cell. Then it moves from pico centre area to CRE region of big bias.
· Case 3: A UE in active mode is first connected to the macro cell. When it moves towards pico cell, a handover is performed from the macro cell to the pico cell in CRE region of big bias.
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Figure 2, UE moving into the CRE area of big bias

2.3   MIB information acquisition 
In scenarios 1 and 2, UE already has valid system information. In addition, the MIB information is relatively stable. Hence, scenario 3 is most problematic with regards to the acquisition of MIB information in CRE with large bias.
As indicated in RAN1 LS [1], there are two possible approaches to improve MIB information reception in CRE with large bias:
· eNB signaling solution to send MIB information other than through PBCH; and
· using PBCH interference cancellation capable receiver.
Related MIB information of a victim cell may be transmitted to UE by an aggressor cell during the handover from the aggressor cell to the victim cell. Currently MIB information includes DL bandwidth, PHICH configuration and system frame number. According to RAN2 specification, UE will be notified of the bandwidth parameter and PHICH configuration of the target pico cell by the IE MobilityControlInfo and IE RadioResourceConfigCommon, respectively, when it is handed over from the marco cell to the pico cell. Therefore, only SFN offset is missing when UE receives current handover information. There are two options to address this issue:
· Option 1: signalling SFN offset in Uu/X2 interface can be avoided if SFN synchronization is realized between the involved aggressor and victim cells, as in TDD network deployment;
· Option 2: SFN offset between victim and aggressor cells is signalled in Handover command. This also implies that SFN offset between the victim and aggressor cells needs to be exchanged over X2 as well.
Discussions are still on-going in RAN3 on whether or not a logical synchronisation port for phase- and time-synchronisation, and Common SFN initialization time would be also provided for all eNBs in FDD time domain inter-cell interference coordination synchronisation area [4]. Hence, there is chance that signalling SFN offset in Uu/X2 interfaces would not be needed if the involved aggressor and victim cells are required to be synchronized by RAN3 work progress.
RAN1 also made an observation that eNB signaling is not needed if PBCH interference cancellation is supported by FeICIC capable UEs. RAN4 is being requested to verify whether it can be assumed that FeICIC capable UEs will always have PBCH interference cancellation capability. 
Therefore, it can not be concluded at this stage that new signalling is needed for MIB information acquisition.
Proposal 1:  
Before developing new signalling for MIB information acquisition, RAN2 should wait for RAN4 to provide feedback on PBCH interference cancellation capability and for RAN3 to conclude the discussions on the synchronization issue involving eNBs in FDD time domain inter-cell interference coordination synchronisation area.
2.4   SIB-1 information acquisition
With regards to aiding the acquisition of SIB-1 information in the presence of dominant interferers, a victim cell may send its SIB-1 contents to the victim UE using higher layer signalling in the protected resources. In order to design the exact signalling details, the following analysis may be taken into account: 
· Since the eICIC does not apply to idle UE, new signalling only needs to support SIB-1 acquisition during system information update procedure.
· SIB-1 includes many IEs that are of relevance only to the idle UE. For UE in connected mode, there are not strong technical reasons requiring a UE to maintain any updated information of these parameters. Hence, this part of SIB-1 contents does not need to be provided in the dedicated signalling to a victim UE in the connected mode.
· SIB1 also includes scheduling information related to reading other system information messages, and information related to system information change notification. This information is also needed for UE in connected mode.
· UE in connected mode also relies on the system information modification indication in paging to know the update of system information. Since paging is transmitted in fixed subframes, such as subframes 0, 4, 5, 9 for FDD and subframes 0, 1, 5, 6 for TDD, UE reliable reception of paging from victim can be an issue as well when there are dominant interferers.
Table 1 summarises the above analysis of SIB1and paging related IEs.
Table 1, Analysis of the Information Element/Group name in SIB1/Paging
	Information Element/Group name in SIB1
	Comments

	cellAccessRelatedInfo 
	IEs that are of relevance only to idle UE

	CellSelectionInfo
	

	P-Max 
	

	FreqBandIndicator
	

	Tdd-Config
	

	si-WindowLength
	Scheduling information related to reading other system information messages, which is needed for UE in connected mode.

	systemInfoValueTag
	Information related to system information change notification

	Information Element/Group name in Paging
	

	pagingRecordList





	IE that includes UE identity, which is not needed in dedicated signalling

	systemInfoModification
	Information related to system information change notification

	etws-Indication
	

	cmas-Indication-r9




	


Therefore, we propose dedicated signalling to include system information modification indication, scheduling information related to reading other system information messages, and information related to ETWS/CMAS information. For example, systemInfoModification, schedulingInfoList, si-WindowLength, etws-Indication, and cmas-Indication-r9 can be carried in a dedicated signalling and transmitted in the protected resource.
Proposal 2:  
we propose to include system information modification indication and scheduling information related to reading other system information messages in a dedicated signalling to be transmitted in the protected resource.
3   Conclusion
Proposal 1:  
Before developing new signalling for MIB information acquisition, RAN2 should wait for RAN4 to provide feedback on PBCH interference cancellation capability and for RAN3 to conclude the discussions on the synchronization issue involving eNBs in FDD time domain inter-cell interference coordination synchronisation area.
Proposal 2:  
we propose to include system information modification indication and scheduling information related to reading other system information messages in a dedicated signalling to be transmitted in the protected resource.
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